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Spedfication 

Htle of the Invention 

Ceramic Multilayer Circuit 
Scope of Claim 

A cwamic multilayer circuit comprising an active element and a passive 
element mounted by laminating a plurality of ceramic substrates with a circuit element 
or a circuit pattern formed by printing, deposition, sputtering or the like on at least one 
of the surfaces of each ceramic substrate, 

wherein an alumina ceramic substrate which is baked lq advance with a predetermined 
thickness and shape is used as the ceramic substrate, and at least one ground electrode 
layer with large enough area is provided between a jBrst layer mounting an active 
element and a passive element and one or a plurality of wiring layers forming a signal 
line and a power line. 
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Detailed Description of the bivention 

The present invention relates to a ceramic multilayer circuit formed by 
latwinaring ceramic substrates, especially a ceramic multilayer circuit which realizes the 
application to a high speed and high frequency region. 

A hybrid integrated circuit mounting technology such as a thin film integrated 
circuit and a thick fihn integrated circuit is used in various areas as a circuit assembly 
method effective for cost reduction. On the other hand, in an electrical circuit 
technology, the operation area has been progressing to a high speed and high frequency 
area year by year due to the inqmivement in ability of an active element, and the need of 
a hybrid drcuit mounting technology suitable for such high speed circuit is growing. 

As for the conventional thin film integrated caxcmt, a structure method in which 
many oonqponent elements are formed or mounted on one msulating substrate is used, 
and it is applied to the mounting of various higji frequency circuits and high speed 
drcoits, using chazacteristics as follows: the number of connection places between each 
component element is decreased; less Idnds of materials used are necessary, so that 
accident causes due to poor connection between each material are reduced; different 
circuit component elements such as a condenser mi. a resistor can be obtained by the 
same material; circuit elements aie fonned separated from each other on an insulating 
substrate beforehand, so that the parasitic effect is smaller; compared to a discrete 
circuit; and elements are placed on the same plain surface, so that the distributed 
capacity can be smaller to some extent, compared to a discrete circuit. 

As a transistor and a diode to be mounted, a one in a case is usually used. 
However, in order to further improve the operation speed of the drcuit, it is often used 
inachq)form. 

However; it is difficult to make a passive element such as a high-capacity 
condenser and diode as a thin fihn, and an active element or the like is mounted as an 
Krteraal component mder the present cticumstances. Therefore, considerable 
constraints are unavoidable for miniaturization of circuit size and pattem placement 

Fig. 1 is a logic drcuit diagram of the case where a flip-flop circuit is 
structured using a NOR gate circuit, and Fig. 2 is a circuit block diagram of the case 
where the flip-flop drcuit of Fig. 1 is structured using high speed field effect transistors 
as an example of active elements. The presrat invention will be described hereinafter, 
taking the case of mounting such circuit as a simple example of a high speed circuit. 

In Fig. 2, numerals 210, 220, 230 and 240 are high speed field effect transistors, 
250 and 260 are load resistors. The load resistors 250 and 260 may be structured by 
active loads using transistors. 
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Fig. 3 shows a structure example in which a flip-flop circuit structured using 
the high speed field effect transistor of Fig. 2 is realized by a conventional thin film 
integrated circuit. Generally, a high-purity alumina ceramic substrate is used as an 
insulating substrate of a thin fihn integrated circuit, and a thin film resistor and a metal 
electrode are formed on the substrate with a given pattern placement. In the figure, 
301 and 302 are ground electrodes formed in a form of plain face by depositing a 
material with high conductivity, Au, foi example, on the insulating substrate. 
Numerals 303 and 304 are input terminal electrodes of input terminals 203 and 204 in 
Fig. 2, respectively. Numerals 305 and 306 are output terminal electrodes of output 
terminals 205 and 206 m Fig. 2. Numerals 308 and 309 are electric supply electrodes 
of a power source Vdd 290 in Fig. 2, 350 and 360 are load resistors 250 and 260. In 
addition, 351 and 361 respectively show condensers in Fig. 2. Usually, large value 
such as several KQ is used for the load resistois 250 and 260 in Fig. 2 to obtain benefite 
of the transistor well. Furthermore, large capacitance value is used for the cond^set 
In the case of forming such R and C in a thin S3m circuit, the pattern size becomes large, 
which affects die size of the whole circuit Therefofre, a resistor and a condenser in the 
form of chips as in Fig. 3 are generally used. Numerals 310, 320, 330 and 340 
correspond to the transistors 210, 220, 230 and 240 ia Fig. 2 respectively, and they are 
pellet form high speed field effect transistors. Numerals 305 and 306 are output 
tominal electrodes corresponding to the output tenninais 205 and 206 in Fig. 2. 
Numeral 307 is a gate terminal electrode for input to the transistor 320. Numerals 311, 
312, 313 and 314 are bonding wires, connecting each electrode and the field effect 
transistor 310. Bonding wires are also used for connection between each transistor 
320, 330 and 340 and each electrode. 

As shown in Fig. 2, it is necessary that signals which 3Q>peax in the output 
texminai 206 of the flip-flop circuit positively return (positive feedback) to the field 
effect transistor 230 respectively. Therefore, in the thin film integrated circuit in Fig. 3, 
fte feedback path pattern to the field effect transistor 330 is formed as an extension 
pattern of the output terminal electrode 305. However, as for the feed back path 
pattem fiom the output terminal electrode 306 to the field effect transistor 320, since it 
inteisects with the output terminal electrode305, the pattem formation must be divided 
into electrodes 306 and 307, and the connection to each other must be praformed by the 
bonding wire 331. 

Fig. 4 is a diagram showing the ooss-sectional view of X-X' of the thin film 
integrated circuit in Fig. 3. Numerals 410, 420, 430 and 440 are field effect transistors, 
401 and 402 are ground electrodes, 400 is an insulator substrate (an ahmiina ceramic 
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substrate), 405 and 406 are output terminal electrode patterns, respectively. The 
ground electrodes 401 and 402 are separated from each other since the output terminals 
405 and 406 forming positive feedback path patterns exist, and conduction between 
each other is performed by a bonding wire 490. 

In this way, a thin film integrated circuit has an advantage that many 
component elements can be formed or mounted on one insulating substrate. However, 
on the other hand, the ground electrodes are separated, depending on the circuit type, so 
that grounding cannot be performed well. In addition, crossover of the signal line 
cannot be performed, and external connection places increases, which causes problems 
in reliability. Furthermore, since circuit formation is performed on the same plain 
surfece, miniaturizatian of the circuit size is limited, and it becomes difficult to reduce 
parasitic inductance, parasitic capacity or the like over a certain degree, so that 
improvement in operation speed of the circuit is limited, which is a disadvantage. 

As a method of improving such problems of a thin fihn integrated circuit, a 
padEaging method using a ceramic multilayer circuit is conventionally known. As one 
of the examples, a structure cross-sectional view of a three-layer ceramic multilayer 
circuit is shown in Fig. 5. In the figure, 501 is a first layer insulator, 502 is a second 
layer insulator, 503 is a third layer insulator, 504 is a ground conductor, 506 is a ground 
electrode of the third layer, 516 is a ground through-hole, 505 and 507 are signal 
electrodes of the third layer, 527 and 525 are signal conductors of the first layer, 515 
and 517 are through-holes for signal. For such ceramic multilayer circuit, mainly a 
thick film circuit to which a printing technique can be applied has been conventionally 
used. Largely categorized, there are two methods for making ceramic substrates 
multilayered. One is a sequential baking metiiod in which screen printing and baking 
are repeated alternately, and the other is a simultaneous baking method in whidi baking 
is performed at a time. Conventionally, the multi-layering method which is used most 
often is tiie sequential baking method. As an insulator, an alumina ceramic substrate is 
used. 

In the sequential baking metiiod, first of all, conductor layers 527 and 525 are 
screen-printed on the ceramic substrate 501 as the first layer, and baked. Next, die 
insulator layer 502 as tiie second layer on which tiirou^-holes are opened is 
screen-printed and dried. Tliis process is repeated and layers 501 and 502 are baked. 
Next, the ground conductor 504 is screen-printed on tiie insulator layer 502, and the 
tiirough-holes 517 and 515 are filled with conductor. And then, baking is performed. 
Next, screen printing of tiie insulator layer 503 as tiie tiiird layer on which through-holes 
are opened is performed, and 505, 506 and 507 are screen-printed on tiie insulator layer 
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503. TTien, through-holes 515, 516 and 517 are fQled with conductor and baking is 
performed. Lastly, external components are mounted so that a multilayer drcuit is 
completed. 

As for a ceramic thick film multilayer circuit obtained as the above, it is easy to 
increase the number of layers, so that high density wiring is possible. In addition, 
since the insulator layer and the conductor are sintered and united completely at a high 
temperature, a homogeneous ceramic structure is obtained, which brings characteristics 
such as excellence in heat dissipation, strong adhesiveness, and high reliability of 
wiring connection. 

However, the thickness of the ceramic material used for each insulator layer of 
such ceramic multilayer circuit is usually around several 10 ]un to 200 jun, smce it is 
required that the sheet surface is dense and smooth, the thickness is uniform, 
deformation such as waipage due to baking does not occur, and the like. Therefore, 
elements of each layer and distributed capacity between wires are increased, and the 
operation speed of the circuit is limited, which is a big disadvantage. Furthermore, 
there are pnxresses such as mask manu&cture, printing, baking of each layer in the 
manufectuiing stage of a ceramic thick film multilayer circuit, so price decline can be 
expected in the case of mass production, but on the other hand, it is unsuitable fsu small 
production. 

As the above, of mounting methods using the conventional hybrid integrated 
circuit, a thin film mtegtated drcuit has disadvantages such as: grounding cannot be 
obtained enough since circuits are formed on the same plain surface; the circuit size 
becomes lar^ and parasitic c^adty and parasitic inductance increase; connection 
places increase since formation of crossover of the signal line is impossible. As for a 
ceramic thick film multilayer drcuit, the thickness of each insulator layer is thin, so that 
the distributed capadty is increased, which is a disadvantage. 

Therefore, with the conventional hybrid integrated drcuit mounting technology, 
there is a big problem that hnprovement in the operation speed of the circuit is limited 
to a certain level. 

The present invention is made in view of the conventional disadvantages 
described above, and its object is to provide a low-cost ceramic multilayer circuit 
suitable for small production that enables hnprovement in the operation speed of the 
circuit and improvement in reliability by redudng connection places, by bonding and 
lammating a plurality of alumina ceramic substrates with predetermined thickness used 
for a conventional thin film integrated circuit. 

According to the present invention, a ceramic multilayer circuit comprismg an 
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active element and a passive element mounted by laminating a plurality of ceramic 
substrates with a circuit element or a circuit pattern foimed by printing, deposition, 
sputtering or the like on at least one of the surfaces of each ceramic substrate, wherein 
an alumina ceramic substrate which is baked in advance with predetermined thickness 
and shape is used as the ceramic substrate, and at least one ground electrode layer with 
large enough area is provided between a first layer mounting an active element and a 
passive element and one or a plurality of wiring layers forming a signal line and a 
power line can be obtained. 

It is only natural that the ceramic multilaya: circuit of the present invention 
fiilly achieves the above-described object of the invention, and the achievement has 
various modes. 

For example, a mode in which a component with an active element in a 
package is used as a component to be mounted on the top layer of the ceramic 
multilayer circuit is within the scope of the invention, and there is anothw embodiment 
in which a circuit element of the top layer is formed using a thick film integrated circuit 

Hereinafter the inv^on will be described in detail, referring to drawings. 

Fig. 6 is a plane view of the case where a circuit is structured by bonding and 
laminating a plurality of ceramic substrates as the invention. The ceramic multilayer 
circuit of Fig. 6 is to realize the same circuit as the conventional thin film integrated 
circuit shown in Fig. 3, that is, a flip-flop circuit in Fig. 2. However, in Fig. 6, by 
lamlTiatiTig three ceramic substrates, the circuit mounting is siiiq>lified. 

In Fig. 6, 601 is a first layer ceramic substrate, 602 is a second layer ceramic 
substrate, and 603 is a third layer ceramic substrate. In this embodiment, the first layer 
601 is used for a power supply line and a signal line, the second layer 602 is used for a 
ground electrode, and the third layer 603 is used for component mountittg and a signal 
line, respectively, and each substrate is made as a thin film circuit. In addition, each 
substrate is formed with different size so that each signal is easily taken out to the 
outside. Numerals 619 and 649 are input terminal electrodes, 605 and 606 are output 
terminal electrodes, and 608 and 609 are power supply electrodes, respectively. As for 
such electrodes, they are usually formed by depositing a material with high conductivity, 
Au or the like, for example, on an insulating substrate, in the foim of a plain face. 
Numerals 650 and 660 are resistors in the form of chips as external components. 
Numerals 615, 625, 635 and 645 are insertion holes for mounting transistor pellets on 
the second layer substrate 602. The diameter of the hole is formed to the size with 
which attaching and removing of the pellet is performed easily. Numerals 6291, 6391, 
6051, 6061, 6081 and 6091 are through-holes. Numerals 6081 and 6091 are connected 
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to the first layer power supply line 6011 via through-holes, respectively. The 
through-hole 6051 has conduction to a gate terminal electrode 639 via the first layer 
signal line. In addition, the through-hole 6061 has conduction to a gate terminal 
electrode 629, in the same way. 

Fig. 7 shows a cross-sectional view of Y-Y' of the ceramic multilayer circuit in 
Fig. 6. In the figure, 7022 is a ground electrode formed by deposition on a second 
layer substrate 7022. The ground electrode 7022 is formed all over the surface of the 
second layer substrate 702, ©scept the trough-hole parts, so it has enough area as a 
ground electrode. Held effect transistor pellets 710, 720, 730 and 740 are respectively 
mounted on the ground electrode 7022. In addition, source electrodes of the field 
effect transistors are grounded to the ground electrode 7022 by bonding wires 711, 713, 
721, 723, 731, 733, 741 and 743. Numeral 7011 is a power supply line ftamed on the 
first layer substrate, and has conduction to power supply electrodes 608 and 609 of the 
third layer substrate in Fig. 6 via through-holes respectively. Numerals 7291 and 7391 
are signal lines formed on a first layer substrate 701. In this way, by forming signal 
lines on the under layer substrate, crossover of signal lines becomes possible. In 
addition, since powM- supply is performed via through-holes, electric power wiring is 
unsecessaiy, using a wiring rod, as is peifoimed for the conventional thin film 
integrated circuit, so that connection places can be reduced. Furthermore, by using 
through'holes, the circuit size becomes smaller and parasitic inductance and parasitic 
capacity decrease. 

Since alumina ceramic substrates (thickness: approximately 0.6 nun) which are 
usually used hi the conventional thin film integrated circuit are used as the insulating 
substrates 701, 702 and 703 of each layer, spacing between each layer is much larger 
than that of die conventional thick film multilayer circuit, and distributed capacity 
between each layer circuit is dramatically decreased. As fhe structure of lamination, a 
ground electrode layer 702 on whidt a ground electrode vdth large enou^ area is 
formed is provided between the third layer substrate 703 mounting active elements and 
passive elements and fhe first layer 701 on which a power supply line or a signal line is 
formed. Fig, 7 is an embodiment of the case where the number of laminated layers is 
three, and in the case where the number of laminated layers is increased, a ground 
electrode layer with large enough area is provided between each wiring layer, in the 
same way as this. With such structure, there is no separation of the ground electrode 
whidfci occurs m the conventional thin film integrated circuit, and grounding is 
performed well, so that high frequency characteristics are improved. 

Therefore, a ceramic multilayer circuit with which further improvement in the 



7A0 



English Translatiom of JP57-133698 



operation speed of the circuit can be obtained. 

As a tnethod to realize a ceramic multilayer circuit of the invention, there are 
various structuring methods, and Fig. 8 shows the structure of the ceramic multilayer 
circuit in Fig. 6 with respect to each layer, as one of the examples. Fig. 8 (1) shows the 
pattern formation of the first layer substrate, (2) that of the second layer substrate, and 
(3) that of the third layer substrate. The insulator substrates used in the invention are 
the same alumina ceramic substrates as the conventional thin film integrated circuit. 
Usually, a material with high conductivity such as Au is deposited on the alumina 
ceramic substrate. The shaded area in each figure of Fig. 8 is the Au deposited layer 
which is etched to be a given pattern formation. This process can be performed by the 
same process as the conventioiua thin film circuit. On the second layer substrate (2) 
and the third layer substrate (3) of Fig. 8, through-hole processing for conduction to a 
conductor of the first layer substrate (1) is performed. As a drilling tool used for the 
through-hole processing, by using a one with a hard material such as a diamond drill, 
drilling can be performed easily. Holes 815, 825, 835 and 845 of Fig. (3) are insertion 
holes processed so as to mount transistor pellets on the second layer substrate (Fig. 8 
(2)). The hole diameter should be according to the size of the pellet used so tiiat a hole 
with appropriate size is opened. In oid^ to perform conduction in the through-holes, 
plication of a amdvctive material is necessary. The conductive material becomes 
possible by using a silver paste or the like used fi)r a thick film multilayer circuit, for 
example, hi this case, a sintering process under a certain temperature condition is 
necessary. In the case of bonding each layer of the c^amic substrate, alignment 
presents a problem. However, when an aligament pattern is formed beforehand, 
bonding can be performed easily. As an adhesive for the bonding, when a one widi 
alumina powder or glass powder as a boding mat^ial is used, for example, a strong 
bonding eiBfect is obtained. 

As the above, to the materials and maoufactuiing process for inanu£aicturing the 
ceramic multilayer circuit of the mVention, the materials and process of the 
conventional thin film circuit and thick film multilayer circuit can be applied, so that a 
low-cost ceramic multilayer circuit can be obtained. 

According to the embodiment described above^ distributed capacity between 
each layer can be dramatically reduced, compared to the conventional thidc film 
multilayer circuit, by bonding and laminating a plurality of alumjna ceramic substrates 
used in the conventional thin film integrated circuit so as to be multilayered, and higher 
speed operation of the circuit can be realized. On the other hand, the circuit size 
becomes smaller, compared to the conventional thin film integrated circuit, so that 
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parasitic inductance and parasitic capacity decrease, and a large enough ground plane 
can be obtained, which leads to improvement in high frequency characteristics. 
Furthermore, ciossover of a signal line or the like is possible, so that connection places 
using a boding wire can be reduced. 

Therefore, a ceramic multilayer circuit which is difficult to be realized by a 
conventional mounting method, that operates stably for an ultrahigh-spced circuit and 
has high reliability is obtained. 

Although the active element as an external component is a transistor of a pellet 
form in the description above, a one in a case may be used as well. Furthermore, 
although the embodiment in which the substrate of the top layer is made as a thin film 
integrated drcdt is described above, it is only natural that it may be a one fonned of a 
thidc film circuit, or a one with a passive element and an active element, not only the 
wiring part, fanned of the circuit pattern itself. In addition, although the description is 
made for the case where the number of laminated layers of multi-layering is three, the 
invention is not limited to this number, and the number may be increased when needed. 

Brief Description of Drawings 

Fig. 1 is a diagram showing a flip-flop circuit by lo^c symbols. Fig. 2 is a 
circuit diagram in whicb a flip-flq> circuit is structured usmg field effect transistors as 
active elements. Fig. 3 is a diagram showing the structure of a conventional thin film 
integrated circuit, Fig. 4 is a diagram showing a cross-section of the conventional thin 
film integrated circuit shown in Fig. 3, and Fig. 5 is a cross-sectional view of a 
conventional ceramic multilayer circuit. Fig. 6 is an embodiment shown for describing 
the structure of a ceramic multilayer dicuit of the invention, Fig. 7 is a diagram 
showing a cross-section of Fig. 6, and Fig. 8 is a diagram shown for describing the 
strocture of eadi layer of the embodiment of Fig. 6. 

Symbols in the figures show the following things respectively. 
210, 220, 230, 240. 310, 320. 330, 340, 410, 420, 430, 440, 710, 720, 730 and 740; field 
effect transistor 
203 and 204: input terminal 
205 and 206: load resistor 
250 and 260: output tenninal 
290: power source Vro 

301, 302, 401, 402 and 7022: earth ground electrode 
303, 304, 619 and 649: input terminal electrode 
351 and 361: condenser 
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311, 312, 313, 314, 390, 391, 331, 490, 711, 713, 721, 723, 731, 733, 741, 743: bondmg 
wire 

350, 360, 650 and 660: resistor 

305, 306, 405, 406, 605 and 606: output terminal electrode 

307, 629 and 639: gate tenninal electrode 

308, 309, 608 and 609: power supply electrode 

400: alumina ceramic substrate 

501: first layer insulator 

502: second layer insulator 

503: third layer insulator 

504: earth ground conductor 

505 and 507: signal electrode 

527 and 525: signal conductor 

515, 517, 516, 6051, 6061, 6081 and 6091: through-hole 

601 and 701: first layer cnamic substrate 

602 and 702: second laya t^amic substrate 
6(B and 703: third layer ceramic substrate 
6011 and 7011: power supply line 

615, 625, 635, 645, 815, 825, 835 and 845: peUet insertion hole 
Representative: Patent Attorney Shin UCHMARA 
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